Abstract
Introduction
The high resolution thermometer (HRT) has been key to A small HRT (sHRT) was developed to overcome these shortcomings.
The sHRT weighs --_7 g and is --_3 cm long.
It uses small permanent magnets to generate the required magnetic field. The permanent magnets eliminate the use of a heavy superconducting solenoid and allows the sHRT to fit easily into a limited experimental space. In this paper we present the thermometer design and its performance in the temperature range from 2 to 4 K.
Design
The basic principle of a high resolution magnetic susceptibility thermometer is shown in Fig. 1 The value of the inductance of the coil was determined to match a de-SQUID sensor (-,_ 1.2 #H) to maximize sensitivity. The coil leads were twisted and fed into the superconducting Nb capillary. Epoxy I was injected into the capillary to minimize microphonic pick-up. The OFHC (Oxygen Free High conductivity Copper) was used to thermally link the salt to the outside. To increase the thermal conductivity, the copper rod was oxygen annealed.
The measured RRR (residual resistance ratio) was roughly 2000. The rod was cooled using liquid nitrogen and press fit into the lower body of the Nb shield. The magnet was then glued to the rod and screwed into the main salt container.
Total mass of the thermometer is about 7 g. The sensitivity and noise performance of the new thermometer was tested in a low temperature cryostat. The thermometer was mounted on a helium filled container.
The large heat capacity and fast thermal response of superfluid helium made the container an ideal thermal reservoir for the test. The container was surrounded by a thermal radiation shield stage that was connected to secondary thermal isolation stages.
A helium evaporation cooler was thermally linked to the stages. Each stage was carefully temperature controlled to achieve a stable thermal environment for the test. The SQUID sensor (Quantum Design Inc.) was mounted inside the vacuum can and temperature controlled near 4.2 K. A high permeability metal shield surrounded the dewar to minimize any ambient trapped field in the thermometer system. A calibrated germanium resistance thermometer was used to measure the temperature of the container. The system was cooled slowly below 2 K while monitoring the thermometer magnetization (M) and the temperature (T) of the helium filled container. 
